We report the development and testing of an enzyme-linked immunosorbent assay with excellent sensitivity for the detection of Haemophilus influenzae type b (HIb) 
containing other species including Escherichia coli, Klebsiella pneumoniae, group B Streptococcus, Pseudomonas aeruginosa, Streptococcus pneumoniae, Staphylococcus aureus, Neisseria meningitidis, and Listeria monocytogenes. In preliminary tests with 11 spinal fluid specimens, 2 serum specimens, and 5 urine specimens from patients with culture-proved HIl meningitis, antigen was detected in all specimens in concentrations ranging from 1 to 7,000 ng/ml. Antigen was not detected in any of 62 clinical specimens which were culture negative for HIb, including 11 spinal fluid specimens from patients with bacterial meningitis caused by microorganisms other than HIb. The enzyme-linked immunosorbent assay technique described here is considerably simpler than radioimmunoassay and, based on concurrent tests with 14 positive clinical specimens, may be more sensitive than counterimmunoelectrophoresis. It seems, therefore, to hold considerable promise for clinical use in rapid detection of systemic HIb infections.
There has long been a need for reliable noncultural techniques for the rapid diagnosis of bacterial infections. A variety of different approaches have been investigated, but to date none has been both sufficiently sensitive and technically simple enough to receive wide acceptance in clinical laboratories.
Several immunologically based techniques
have shown promise for detection of bacterial antigen, most prominently, counterimmunoelectrophoresis (CIE), radioimmunoassay, and latex particle agglutination. CIE has been used mainly to detect antigens of the three major agents of bacterial meningitis, Streptococcus pneumoniae, Neisseria meningitidis, and Haemophilus influenzae type b (HIb) (6, 12) . In the largest recent study with CIE, which included 3,674 spinal fluid specimens (5) , only 57% of the cul-
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body fluids (14, 18) . In a recent study, using latex particle agglutination for the detection of HIb antigen (18) , 18% of serum specimens from children without HIb infection showed false-positive reactions.
The first applications of enzyme-linked immunosorbent assays (ELISA) were published independently by Engvall and Perlmann (9) and Van Weeman and Schuurs (15) in 1971 . With this technique, enzyme labels are covalently coupled to either antigens or antibodies, most often by using glutaraldehyde as described by Avrameas (1) . There have been a large number of reports of applications of ELISA, primarily for virological diagnosis (8, 13, 16) . As yet, relatively little work has been done on using ELISA to detect bacterial antigens in clinical specimens.
HIb is the single most important cause of bacterial meningitis in the young and is a major cause of otitis media, epiglottitis, cellulitis of infants, bronchitis, and pneumonia. We undertook this study to determine the suitability of ELISA for rapid and (2) , and had a total carbohydrate content of 0.1 mg/ ml as determined with Dreywood anthrone reagent (11) . HIb antigen could be detected at a 1:10,000 dilution, using the indirect sandwich assay.
Enzyme-linked conjugate. Goat anti-rabbit immunoglobulin G (2 mg/ml) was conjugated with alkaline phosphatase (2 mg/ml) (Sigma Chemical Co., St. Louis, Mo.), using glutaraldehyde as described by Avrameas (1) Sputum was liquefied by adding an equal volume of either 2% N-acetyl cysteine or Sputolysin (Calbiochem, La Jolla, Calif.), blending the mixture vigorously in a Vortex mixer, and centrifuging it for 10 min at 250 x g, the supernatant was used for testing.
Dilutions of clinical specimens, simulated clinical specimens, purified antigens (standards), and controls were made in PBS (pH 7.4).
(ii) Polystyrene ball preparation. The sequence of steps in the assay is illustrated schematically in Fig.  1 . The solid-phase polystyrene balls were first armed with burro anti-HIb antibodies (step 1) by immersing them in the antiserum diluted 1:500 in coating buffer (pH 9.6), using screw-capped tubes (12 by 125 mm), and incubating them for 3 (9) found that 20 to 30% of adsorbed protein material is leached off of polystyrene after 16 h or more. A temperature of 40°C was chosen for incubation in the remainder of the steps in the assay, based on the protocol accompanying a commercial ELISA kit for the detection of hepatitis B surface antigen (Cordis Laboratories, Inc., Miami, Fla.), which also used alkaline phosphatase-labeled antibodies, and the reported effects of temperature on the activity of alkaline phosphatase (4). Forty-five-minute incubation times at each step of the assay gave results equivalent to using 1 h. Earlier experiments showed that incubation periods significantly less than 45 min may result in some loss of sensitivity, but the optimal period of incubation requires further study.
Importance of using FCS to prevent nonspecific binding. Our early studies were complicated by nonspecific binding of conjugate to polystyrene balls after step 1, presumably at unfilled binding sites. We subsequently found that incubating balls in FCS after initially arning them effectively eliminated the problem. (Table 2) . Absorbances of the specimens containing organisms other than HIb in the sputum pools ranged from 0.013 to 0.053, compared with 0.705 with viable HIb organisms and 0.693 for PRP in PBS (100 ng/ml). Assays of these organisms in pure broth culture also showed minimal reactivity (absorbances, 0.029 to 0.068).
The presence of cross-reacting antigens on E. coli K-100 (Easter) was confirmed by testing it along with HIb in antiserum agar, using the method described by Counts and Turck (7). which 2 contained S. aureus, 2 contained S. pneumoniae, 1 contained beta-hemolytic streptococci, 5 contained nontypable H. influenzae, and 14 contained normal oropharyngeal flora, were tested. No specimen had an absorbancy above 0.075 in a 1:2 dilution.
(iii) Spinal fluid specimens from cases of meningitis caused by bacteria other than HIb. Eleven spinal fluid specimens positive on culture for species other than HIb were tested by the indirect sandwich assay. The following species had been recovered from these fluids: S. pneumoniae from six, E. coli from one, group G Streptococcus from one, N. meningitidis from two, and Listeria monocytogenes from one. Absorbances ranged from 0.009 to 0.024, compared with 0.600 and 0.560 obtained from two spinal fluid specimens from which HIb had been isolated run concurrently at the same 1:5 dilutions.
(A 1:5 dilution was used because of the limited volumes of spinal fluid available for study with many of these specimens. However, all of the 18 specimens positive by ELISA for HIb antigen undiluted were also positive in a 1:5 dilution).
Most of these specimens and the spinal fluid specimens from cases of aseptic meningitis were also tested for HIb antigen by CIE at the Wisconsin State Laboratory of Hygiene; all were negative.
(iv) Spinal fluids, sera, and urines from patients with HIb infections. A total of 18 clinical specimens (spinal fluid, 11; urine, 5; serum, 2) from 11 patients with culture-proved HIb meningitis were obtained for testing by the indirect sandwich ELISA assay (Table 3) . Fourteen of these 18 specimens were also tested by CIE; 4 could not be because of an insufficient volume of sample. Testing both the undiluted specimen and a 1:5 dilution, the sandwich assay detected HIb antigen in all 18 specimens, even in the 1:5 dilutions, in concentrations ranging from 1 to 7,000 ng of PRP equivalent per ml. Twelve of the 14 2 4 Spinal fluidd 2 5 Spinal fluid 7 ng/ml; the four tests of one serum specimen yielded 4,000 and 4,000, and 5,000 and 5,000 ng/ ml; and the urine specimen yielded 30, 30 The indirect sandwich ELISA may be more sensitive than CIE inasmuch as antigen was detected in two spinal fluid specimens from a patient with culture-proven HIb meningitis which were negative by CIE. Antigen was also detected in five unconcentrated urine specimens from patients with meningitis, three of which were positive by CIE only after preliminary concentration. It should be possible to monitor a we did not perform quantitative radioimmunoassay tests for comparison, the results of our ELISA test presented in Table 3 suggest that its sensitivity is comparable to that reported with radioimmunoassay (10) .
Cross-reactions with other species such as S. pneumoniae or N. meningitidis thus far have not posed a problem, probably because the antisera are highly diluted. This finding is particularly significant in the case of E. coli K-100 (Easter), which we verified as having cross-reactive antigen(s) by the agar precipitin assay of Counts and Turck (7) . This lack of cross-reactivity is in agreement with the findings of F. J. Crosson, Jr., J. A. Winkelstein, and E. R. Moxon (Abstr. Annu. Meet. Am. Soc. Microbiol. 1978, C104, p. 294), who reported miniimal cross-reactivity with similar species, using a different ELISA technique for the detection of HIb antigen. It will be necessary, however, to test large numbers of clinical specimens containing strains known to have cross-reacting antigens with HIb to firmly establish the assay's specificity.
One of the most attractive features of our ELISA method is that most of the reagents are available commercially and are stable for periods of 1 month or more when stored at ordinary refrigerator temperatures. We have found that antibody-coated polystyrene balls are fully active after storage for more than 1 month. Commercially available anti-HIb antiserum prepared in rabbits against whole organisms is satisfactory without further treatment. Reagents are relatively inexpensive because they are used at high dilution. Moreover, the only equipment required is a spectrophotometer, which is available in almost all clinical laboratories.
It appears to be critically important with this indirect sandwich technique to add FCS after arming the polystyrene balls in order to prevent nonspecific binding, which otherwise substantially reduces the sensitivity and specificity of the assay (Table 1) . We agree with Bullock and Walls (3) that PBS-Tween alone is sufficient for washing the solid phase between assay steps and that it is not necessary to include either FCS or bovine serum albumin in the wash solution. 
